An investigation of methods and positions used in manual quality picking of small objects by Wright, Peter
In present ing the d i s s e r t a t i o n as a p a r t i a l f u l f i l l ­
ment of the requirements for an advanced degree from the 
Georgia I n s t i t u t e of Technology, I agree that the L i b r a r y 
of the I n s t i t u t i o n sha l l make i t a v a i l a b l e for inspect ion 
and c i r c u l a t i o n in accordance w i t h i t s r e g u l a t i o n s govern­
ing m a t e r i a l s of t h i s t y p e . I agree that permission to 
copy from, or to publ ish from, t h i s d i s s e r t a t i o n may be 
granted by the professor under whose d i r e c t i o n i t was w r i t ­
t e n , o r , in h i s absence, by the Dean of the Graduate D i v i ­
s ion when such copying or p u b l i c a t i o n i s s o l e l y for s c h o l a r ­
l y purposes and does not invo lve po ten t ia l f i n a n c i a l g a i n . 
I t i s understood that any copying from, or p u b l i c a t i o n o f , 
t h i s d i s s e r t a t i o n which i n v o l v e s p o t e n t i a l f i n a n c i a l gain 
w i l l not be a l lowed wi thout w r i t t e n permiss ion. 
AN INVESTIGATION OF METHODS AND POSITIONS USED IN MANUAL QUALITY PICKING OF SMAL  OBJECTS 
A THESIS Presented to the Faculty of the Graduate Division Georgia Institute of Technology 
In Partial Fulfi1lment of the Requirements for the Degree Master of Science in Industrial Engineering 
By Peter Wright June 1956 
AN INVESTIGATION OF METHODS AND POSITIONS USED 









Date Approved by Chairman: O^^^ '°j ' 
ACKNOWLEDGEMENTS 
I wish to express my appreciation to Dr. Joseph 
J. Moder, Dr. Robert N. Lehrer, and Dr. M. C. Payne for 
their guidance and constructive criticism throughout 
this investigation. Thanks are extended to the group of 
students who cooperated in obtaining the experimental 
data. I wish to acknowledge the assistance and encourage 
ment of my wife and my mother in the preparation and edit 
ing of this thesis. Special appreciation is due Mr. 
William W. Calhoun who constructed the equipment which 
was used to conduct the experiment. 
TABLE OF CONTENTS 
Page 
ACKNOWLEDGEMENTS i i 
L I S T OF TABLES iv 
L I S T OF ILLUSTRATIONS . . . v i 
ABSTRACT v i i 
CHAPTER 
I . INTRODUCTION . . 
I I . PRESENT STATUS OF THE PROBLEM 3 
M l . O B J E C T I V E 16 
I V . EXPERIMENTAL DESIGN 13 
V . EXPERIMENTAL PROCEDURE 2 k 
V I . ANALYSIS OF RESULTS 31 
V I I . CONCLUSIONS AND RECOMMENDATIONS 55 
APPENDIX 6k 
I . EXPERIMENTAL DATA 65 
I I . S T A T I S T I C A L ANALYSIS AND SAMPLE CALCULATIONS . 72 
I I I . MISCELLANEOUS 82 
BIBLIOGRAPHY 86 
LIST OF TABLES 
Table Page 
1 . S i g n i f i c a n t F a c t o r s A f f e c t i n g the 
Net P i c k i n g Rate 36 
2. S i g n i f i c a n t Main E f f e c t s and I n t e r ­
a c t i o n s Expressed as a Per Cent of 
the Grand Average for A l l Operators 
of the Net P i c k i n g Rate 33 
3. S i g n i f i c a n t F a c t o r s A f f e c t i n g the 
P i c k i n g Q u a l i t y Rate 43 
k. S i g n i f i c a n t Main E f f e c t s and I n t e r ­
a c t i o n s Expressed as a. Per Cent of 
the Grand Average for Al1 Operators 
of the P i c k i n g Q u a l i t y Rate kh 
5. Student T-Test of the Left -Handed 
Operators Compared w i th the R i g h t -
Handed Operators k9 
6. Rank Comparison of the Opera to r ' s 
Average Net P i c k i n g Rate w i th Their 
Score on the Purdue Pegboard Test 52 
7. Raw Scores on B a t t e r y of Tests . . . . . . . . 66 
8. Arrangement of Experimental Con­
d i t i o n s 69 
9. Observed Number of D e f e c t i v e Objects 
P icked per Minute Based upon a Three 
Minute Test Run 70 
10. Observed Number of Good Objects 
P icked per Minute Based upon a Three 
Minute Test Run 71 
11. A n a l y s i s of Var iance 75 2 Components of V a r i a n c e , P a r t I 63 I -Repl i c a t i n 1 
• 
LIST OF TABLES (CONTINUED) 
Table Page 
14. Components of Variance, Part I I -
Repl ication 2 79 
15. Components of Variance - Picking 
Qual i ty Rate 81 
v i 
L I S T OF ILLUSTRATIONS 
F i g u r e Page 
1. B a f f l e Feed C o n t r o l f o r t he P i c k i n g 
A p p a r a t u s 21 
2. The A p p a r a t u s D r i v e 22 
3. " R i g h t " S i d e P i c k i n g P o s i t i o n 25 
4 . " L e f t " S i d e P i c k i n g P o s i t i o n 25 
5. "End" P i c k i n g P o s i t i o n 26 
6. A v e r a g e Net P i c k i n g R a t e per R e p l i ­
c a t i o n v e r s u s O p e r a t o r 33 
7. A v e r a g e Net P i c k i n g R a t e per R e p l i ­
c a t i o n v e r s u s E x p e r i m e n t a l Order 34 
8. A v e r a g e Net P i c k i n g R a t e per O p e r a t o r 
v e r s u s T o t a l Raw S c o r e s on t h e Purdue 
Pegboard T e s t s 53 
9. A v e r a g e Net P i c k i n g R a t e per R e p l i ­
c a t i o n v e r s u s P i c k i n g Method 57 
10. A v e r a g e P i c k i n g Q u a l i t y R a t e per 
R e p l i c a t i o n v e r s u s P i c k i n g Method . 58 
11. A v e r a g e Net P i c k i n g R a t e per R e p l i ­
c a t i o n v e r s u s P i c k i n g P o s i t i o n 60 
12. A v e r a g e P i c k i n g Q u a l i t y R a t e per 
R e p l i c a t i o n v e r s u s P i c k i n g P o s i t i o n Si 
13. H i s t o g r a m o f T o t a l Raw S c o r e s o f 44 
M a l e S u b j e c t s on t he Purdue Pegboard 
T e s t s ( R i g h t p l u s L e f t p l u s Both 
Hands p l u s A s s e m b l y T e s t s ) 67 
14. Sample Da ta S h e e t 85 
vi i 
ABSTRACT The purpose of this study was to determine the optimum picking method and picking position which should be used in the manual quality picking of smal objects. This investigation was part of a research project begun at the Georgia Institute of Technology in 1950 under the direction of Dr. J. J. Moder. The data used was obtained from nine experimental sub­jects. They were chosen from a class of kk students divided into three strata according to their total raw scores on the Purdue Pegboard Aptiude Test for manual and finger dexterity. The experiments were conducted in the laboratory of the School of Industrial Engineering, utilizing a specialy constructed picking conveyor. The objects used were Great Northern beans containing k per cent (by weight) Pinto beans which represented the defective objects. The folowing factors were held constant throughout the exper iments: 1. Rate of FIow 2. Belt Sped 3. Belt Density k. Damage Content 5. Ilumi nation 6. Work - Surface Height 7. Operator Posture 8. Operator Pace A factorial mixed model experiment was employed to test the effect of the folowing independent variables upon the 
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operators' performance: 1 . Ni ne operators 2. Three picking methods a. The "rol1" method b. The "pick and throw - multiple object" method c. The "pick and throw - single object" method 3. Three picking positions a. Side position (right) b. Side position (left) c. End position 4. Two replications The folowing dependent variables were used to measure the operators' performance: 1. Net Pi ck i ng Rate 2. Picking Quality Rate From a statistical analysis of the experimental data the folowing conclusions were drawn: 1. The two "pick and throw" methods proved to have statistically significant greater net picking rate than the "roll" method. However, the "roll" method had a beter picking quality rate than either of the other methods. 2. None of the picking positions had a significant effect upon either of the dependent variables. 3. The experimental data was also classified accord­ing to the operator's dominant hand. It was found that left-handed operators picked as wel at all positions as right-handed operators. 4. It was also found that the Purdue Pegboard Test score was not a valid predictor of an operator's net picking rate for this particular group of subj ects. 
For ease of understanding, a l l further references to 
manual qua l i ty picking wil l be s p e c i f i c a l l y related to the 
peanut processing industry. Because of s imilar equipment, 
techniques, and labor, i t is f e l t that the resul t s of th is 
study may be applied general ly to manual qua l i ty picking 
operations throughout the food processing industry. 
Statement of the Problem.--Moder and Penny made an extensive 
survey of the peanut processing industry. Among other things 
brought out in their report was a recommendation for a thor­
ough ana lys i s of the cos t ly manual qual i ty picking operation. 
Calhoun made an exploratory study of those fac tors which seem 
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most l i k e l y to a f fec t manual qua l i ty picking, Zimmer made a 
de ta i led invest igat ion of those fac tors which Calhoun found 
s i g n i f i c a n t . This thes is is based upon the resul t s of those 
e a r l i e r inves t iga t ions and i s an attempt to provide a more 
refined bas is for the se lec t ion of optimum manual qua l i ty pick-
i ng cond i t ions. 
CHAPTER I I 
PRESENT STATUS OF THE PROBLEM 
This chapter is divided into three major sect ions. 
The f i r s t section deals with a br ief descript ion of the man­
ual qual i ty picking operation, and the means by which i t was 
measured during th is study. The second section presents 
those factors af fect ing operator performance which were con­
sidered in the course of th is invest igat ion. The last sec­
t ion is concerned with a discussion of the previous research 
done at the Georgia Ins t i tu te of Technology on manual qual i ty 
picking of small objects. 
Description of the Manual Quali ty Picking Operation 
Manual qual i ty picking is essen t ia l l y an inspection 
operat ion. I t requires the operator to make a continuous 
ser ies of mental acceptance or re ject ion type decis ions. 
In industry i t is the usual pract ice for the operators 
to s i t or stand at the side of a continuously moving conveyor 
be l t . Upon th is bel t are placed the products which are to be 
inspected for defec t ives . The defect ives are dispersed at 
random among the vast mass of good products. As a section of 
the belt is presented to the operator 's view, the defect ive 
objects are picked out and placed as ide. The operator is not 
expected to pick out a l l he can see, but only as many as he 
can pick from his own posi t ion. Also i t is expected that op­
erators w i l l mistakenly pick out some good objects instead of 
defect i ves . 
There are two means of measuring operator performance 
which are used throughout th is thes is . The f i r s t of these 
is the Net Picking Rate which is found by the following 
formula: 
Total Number of Pickouts per Minute (or Gross 
Rate) Less the Number of Good Objects Picked 
per Minute (or Picking Errors) = Net Picking 
Rate 
The other measure used to evaluate operator performance 
is the Picking Quali ty Rate which is the number of good (non-
defect ive) objects picked per minute instead of defect ive 
ob jects . The picking qua l i ty rate is also known as the Error 
Rate; a high level denotes poor operator qua l i ty . 
Factors Which Affect Operator Performance 
Approach to the Problem.--One might assume that th is operation 
would lend i t se l f to treatment by conventional motion and time 
study technique. However, a deeper analys is of the manual qual­
i t y picking operation disputes th is assumption. Malcolm and 
DeGarmo have stated quite reasonable objections to the use of 
conventional work study techniques as applied to th is problem.^ 
Therefore, in attacking the problem of manual qual i ty 
p icking, i t is most desirable to set forth those factors which 
a f fec t the picking rate and picking qual i ty ra te . Once these 
factors are ferreted out and thei r importance establ ished, then 
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a control led re la t i ve experiment can be performed, which w i l l 
determine the optimum level of the factor involved. 
The above method of attack is the same as that used by 
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Calhoun and Zimmer. The factors explored in th is inves t i ­
gation are those which they proved to have a s ign i f icant e f fec t 
on the operators 1 picking ra te . Each factor w i l l be discussed 
i ndi vi dual 1y. 
Operator.--Calhoun found that there was a s ign i f icant di f ference 
in the operator pickout ra te . There was a di f ference of 14.2 
per cent in the picking rate between h is fastest and slowest 
o p e r a t o r s . ^ Zimmer found a di f ference of 19.8 per cent between 
the most and the least successful opera to rs . ^ 
Zimmer f e l t that previous research j u s t i f i e d an attempt 
to devise aptitude test ing procedures for the select ion of oper­
ators best suited for qual i ty picking. He states that the 
v isua l - react ion-dec is ion time and the manipulative sk i l l of 
the operator a re the two p r i n c i p a l f a c t o r s which account for 
1 2 
the large di f ferences in operator picking ra tes . 
Pace.- -Th i s factor is important in any experiment in which the 
human element i s a source of va r ia t i on . I t is very d i f f i c u l t , 
i f not almost impossible, to measure operator pace prec ise ly . 
Therefore, the experimenter can only use the re la t i ve measures 
of normal and maximum pace. Calhoun had his operators work 
at their normal pace. '3 Wadsworth meanwhile found that per­
forming a task at a very fas t speed resul ts in less var ia t ion 
in time ( inconsistency) than at a lower s p e e d . ^ Zimmer 
therefore required his operators to work at a brisk pace. 
Fat i que.--Th i s is another source of operator var ia t ion which 
is d i f f i c u l t to measure e i ther in absolute or re la t i ve terms. 
I t is f e l t that with short runs (three minutes duration) fa t ­
igue w i l l be at a minimum. However, fat igue w i l l have some 
e f fec t on the operators' performances for the complete rep l ica­
t ion . Therefore, in th is study i t is assumed that a l l opera­
tors w i l l be af fected by fat igue to the same extent; and any 
di f ferences due to fat igue w i l l be included in the residual 
error of the experiment. 
Work-Surface Hejght . - -This factor was standardized by Calhoun 
a t approximately three inches below the elbow as recommended 
16 17 18 
by Barnes and E l l i s . Considering the work done by 
Barnes and E l l i s , i t i s f e l t that optimum resul ts w i l l be ob­
tained by continuing th is standard. 
111umination.--There must be enough i l lumination on the work 
place so that the operators' minimum visual impression time is 
1 9 
less than the time the object is wi thin his f i e l d of v i s i on . 
For best resul ts in an inspection operat ion, 30 to 100 foot 
20 
candles are recommended. 
Picking Pos i t ion . - -Th is is determined by the operator 's posi­
t ion in re la t ion to the picking bel t and the d i rect ion of flow 
of objects as fo l lows: 
1 . Right Side Posi t ion - The operator stands facing 
perpendicularly to the conveyor with the objects 
moving from le f t to r ight across his f i e l d of v i s ion . 
2. Left Side Position - The operator stands facing perpendicularly to the conveyor with the objects moving from right to left across his field of vi s i on. 3. End Position - The operator stands at the end of the conveyor with the objects moving towards his field of v i s i on. Malcolm and DeGarmo found the end position to be sup-21 
erior. However, they did not use a controled experiment 
to reach this conclusion. Moder also found the end position 
22 to be superior. However, he included a change in the pick­ing method when testing the end position. Because none of these authors treated the picking position in a completely rigorous manner further research on the subject was necessary, Calhoun on the other hand used two of these position, viz. Right Side and End, in a controled factorial experiment.̂  He found that for only one of his four operators was the pick­ing position a significant source of variation in the per cent of good objects placed in the pickouts. Also, the picking position did not affect the operators1 picking rate significantly.̂  However, Calhoun found that in 
combination with fixed levels of other factors the side posi-
26 tion was superior. Therefore, from an industrial operational pit of view he recommnded the side position. Zimmr accpted Calhun's indings ad used the side (right) poition nly.̂  Pcking Mhd.-Th are two pck  methods whic  ae inuse ody. A ti  to  has been dveloped experim ty 
6 as a modification to one of these. The three methods wil be discussed separately. 1. "Rol" method - This is the method most prevalent in industry at present. With this method, the operator grasps the objects with the thumb and forefinger, rotates the hand and releases the object into the palm. These motions are repeat­ed until the hand is ful and the objects are placed aside. 2. "Pick and Throw (Multiple object)1 method -This method was developed by Dwyer.2o Cal­houn tested the method experimentaly, and found that it was superior to the "roll" method, resulting in an 8.6 per cent in­crease in picking rate with little decrease in picking quality.2° On the basis of Calhoun's results, Zimmer used only this method for his investigation. 
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Essen-tially this consists of grasping one object in the fingertips and then grasping a second object in the fingertips without palming. Two or three objects may be picked in this manner, and are then tossed aside with a simple wrist motion. 3. "Pick and Throw (Single object)1 method -This is a modification of the "pick and throw" method discussed above. It is basic­ally the same except that the operator grasps only one object in his fingertips and then disposes of it immediately. This method was developed with the viewpoint that the additional disposal movement time incured is less than the time lost in fumbling and grasping several objects in the fingertips at one time. Al1 of the above methods are executed as two-handed simultaneous motions. There is no restriction upon grasping more than one object at a time if they 1ie adjacent to each othr, except that when using the third mthod only one object ay be graspd. Al three tods can be empl d at any pick?ng pos i t ion. 
• 
Rate of Flow of Objects . - -Z immer e s t a b l i s h e d t h i s f a c t o r in 
the f o l l o w i n g manner 
One measure of the r a t e of f low is the weight of 
o b j e c t s passing an operator per u n i t of t ime. This 
measure can be def ined by the f o l l o w i n g equat ion : 
Rate of Flow ( l b s / m i n ) • 
B e l t Speed ( f t / m i n ) x B e l t Width ( f t ) 
Wt. of Obj e c t s / s q . f t 
„ i „ . r . - (amount of o b j e c t s 
X R e l a t i v e Densi ty of Objects on B e l t ac tua l 1y on the belI t) 
Wt. of O b j e c t s / s q . f t 
( f o r 100% coverage 
of the b e l t ) 
X Weight of Objects ( I b s / s q . f t ) 
Using a constant r a t e of f low and a f i x e d b e l t w i d t h , 
Zimmer determined four combinations of d e n s i t y and b e l t speed 
which he used in h i s i n v e s t i g a t i o n . These d e n s i t y - b e l t speed 
combinations ranged from 100 per cent and 10 f e e t per minute 
to 10 per cent and 100 f e e t per m i n u t e . ^ 2 
Zimmer's r e s u l t s showed that the d e n s i t y - b e l t speed 
f a c t o r had the g r e a t e s t e f f e c t on the p ick ing r a t e . The 
second combination of 25 per cent d e n s i t y and 40 f e e t per 
minute was found to be the best of the combinations t e s t e d . 
Th is l e v e l r e s u l t e d in a 5.4 per cent higher p ick ing r a t e 
than the next best c o m b i n a t i o n . ^ 
From h i s experimental data he determined g r a p h i c a l l y 
optimum l e v e l s of d e n s i t y and b e l t - s p e e d at 21.8 per cent and 
46 f e e t per m i n u t e . ^ These f i n d i n g s were fo r one r a t e of 
f low on ly (7.75 l b s / m i n ) . 
10 Damage Content.-The damage content is the weight ratio of visibly damaged objects to the total number of objects ex­pressed as a percentage. Calhoun used three damage contents in conjunction with five densities. He combined them so as to have only two levels of per cent defective objects on the picking belt. He further divided each of these levels into three so-caled belt loadings: high, medium, and low.̂  He found the low-belt loadings gave the greatest single im-
36 provement in the picking rate. The true effect of damage content on the picking rate in his experiment is difficult to assess since he confounded damage-density levels with belt loadings. However, since both of the low-belt loading com­binations contained a k per cent damage content, it is safe to asume that this level was the optimum for his investigation. Zimmer utilized damage content as an independent vari­able in his study.̂  He found that the high (4 per cent) damage content consistently resulted In a higher picking rate and beter picking quality than did the low (2 per cent) dam­age content for all conditions. The grand average diferences betwen the high and the low damage content for both picking rate and picking quality were 7.8 per cent and 18.6 per cent respectivel y.̂  These findings sem to indicate that an operator spends less time looking for defectives when more defectives are pres­ented to him. Thus, he has more time available to pick, and is able to increase his net picking rate proportionately. 
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Previous Research at Georgia Institute of Technology 
Overall Project.--In 1950, a project was begun under the 
auspices of the Engineering Experiment Station, Georgia 
Institute of Technology and the Agricultural Experiment Sta­
tion of the University of Georgia. This project directed 
by J. J. Moder and N. M. Penny was completed, and a report, 
Industrial Engineering and Economic Studies of Peanut Market-
i ng, was published in December, 1 954.3-* 
The above report has formed the basis for further re-
40 41 
search by Calhoun and Zimmer. This present thesis is a 
continuation of the work begun by Calhoun, although certain 
portions are based upon the work of Zimmer. 
Calhoun's Work.--ln order to explore the subject of hand qual 
ity picking of small objects, it was necessary first to de­
velop a criteria and an independent measure of this criteria. 
Furthermore, this criteria had to be analyzed statistically 
in order to establish the true sources of variance. 
Calhoun assumed the following factors were the most 
42 




4. Belt speed 
5. Belt loading 
6. Damage-Density 
7. Replication 
As the measure of his criteria Calhoun used the operator's 
total number of pickouts per minute and the per cent of good 43objects placed in the pickouts (picki g errors). Other 
12 
factors such as ilumination, work-surface height, etc., were considered, but they were felt to be of relatively minor im-r:45 portance.̂  He investigated his criteria through the use of a factorialy designed experiment 
46 
Calhoun concluded that: 1. The operators he used had significantly different picking rates. 2. Operators difered significantly in their picking errors. 3. Lower belt-1oadings resulted in higher picking rates and beter quality than did higher belt 1oad ings. 4. The "pick and throw" method was superior to the "rol1" method. 5. An increase in belt speed adversely afected the number of picking errors. 6. Al of the variables investigated had an effect upon both the picking rate and the number of pick­ing errors made. 
His conclusions were subject to the folowing limi-
t a t i o n s : 1. Only four operators were used. They were not selected at random and were women with many years experience at picking. 
2. Only two belt speeds were used. 3. A belt loading of 33-3 per cent density was the lowest investigated. Calhoun recommended that any further study of hand 48 quality pickig be dircted owrd:1. The use of a lrger number of operatrs selected at rand .2  Using lowr bl ladings. 
13 
3. Belt speeds higher and lower than those which he used. 4. Lower damage-density levels. Zimmer's Work.-Zimmer saw the ned for further study of the factors which Calhoun found to be statistically signifi­cant. In particular he was interested in the diferences betwen operators and the determination of an optimum density-
49 belt speed combination for a given rate of flow. Zimmer studied the operation of hand quality picking in detail. From his investigation he determined aptitude characteristics which the job required. He therefore select­ed a batery of tests which he asumed would be predictors of job success in hand quality picking. The tests he used 50 
were: 1. The Purdue Pegboard; Right Hand Test, Left Hand Test, Both Hands Test, and the Right plus Left plus Both Hands for manual dexterity. 2. The Purdue Pegboard Assembly Test for finger dexter i ty. 3. The More Eye-Hand Coordination and Color Matching Test for aiming. 4. The Bausch and Lomb Visual Classification and Placement Test for visual skills. Folowing Calhoun's recommendations concerning belt loading and belt speed, Zimmer chose several combinations of belt density and belt speed to give a constant rate of flow,-̂  He used densities both above and below those recom­mended by Calhoun. He did the same with the belt speed. The rate of flow was fixed at a level which would keep the operator 
cont inuous ly suppl ied w i th d e f e c t i v e s for p i c k i n g . 
Zirnmer set f o r t h the f o l l o w i n g objectives:-"* 
1 . To s e l e c t t e s t s which d i s c r i m i n a t e between 
the a p t i t u d e c h a r a c t e r i s t i c s of successfu l 
and unsuccessful hand q u a l i t y p i c k e r s . 
2 . To determine an index of c o r r e l a t i o n between 
the scores on the t e s t employed and the op­
e r a t o r s ' p ick ing r a t e s . 
3 . To develop d e n s i t y - b e l t speed combinations 
which r e s u l t in optimum pickout r a t e s and 
high q u a l i t y of p ickouts f o r : 
a . A constant r a t e of f low of o b j e c t s . 
b. Damage con ten t . 
c . Operators grouped in to c l a s s e s a c c o r d ­
ing to t h e i r scores on s e l e c t e d ap t i tude 
t e s t s . 
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Zimmer's conc lus ions were as f o l l o w s : 
\» The tes t b a t t e r y which he had s e l e c t e d did 
d i s c r i m i n a t e between operators whose a p t i ­
tude scores f e l l in the upper q u a r t i l e and 
those whose scores f e l l in the middle two 
quart i 1es . 
2 . He determined an "index of c o r r e l a t i o n " be­
tween the scores on the e n t i r e t e s t b a t t e r y 
and the o p e r a t o r s 1 p ick ing ra te of .877. 
This f i g u r e is s i g n i f i c a n t at the .001 pro­
b a b i l i t y l e v e l of l i n e a r c o r r e l a t i o n co­
e f f i c i e n t s . 
3. With re fe rence to h i s f i n a l o b j e c t i v e , he 
drew the f o l l o w i n g c o n c l u s i o n s : 
a. A dens i ty of 22 per cent and a b e l t speed 
of 46 f e e t per minute r e s u l t e d in optimum 
p ick ing r a t e s of d e f e c t i v e o b j e c t s and a 
high p ick ing q u a l i t y for a l l o p e r a t o r s . 
b. The p ick ing r a t e dropped at b e l t speeds 
below and d e n s i t i e s above t h e i r optimum 
v a l u e s . 
15 c. The picking quality dropped at belt speeds above and densities below their optimum values. k. He also found from his results that the high damage content consistently resulted in higher picking rates of defective objects and beter picking quality than the low damage contents. Summary.-In this chapter, the manual quality picking operati and the means of measuring it were described. Those factors which influence manual quality picking of smal objects were discussed. Previous research was reviewed since the results and limitations of these earlier studies form the basis for this present investigation. 
CHAPTER I I I OBJECTIVE The purpose of this investigation is to study the effects of: 1 . Operators 2. Method 3- Position upon the net picking rate and the picking quality rate in the manual quality picking of smal objects. Two further purposes of this study are to verify the use of psychological aptitude tests to predict operator success in hand quality picking and to investigate the relationship of an operator's performance to his dominant hand. The specific objectives of this thesis are as folows: 1. To determine if the picking method afected the net picking rate when other factors were at optimum 1evels. 2. To determine if the picking position affect­ed the net picking rate when other factors were at optimum levels. 3. To determine if there was any relationship betwen an operator's performance and his dominant hand. k. To validate the use of certain aptitude tests to predict job success in manual quality pick-i ng. For assurance that the results sought for the above objectives are not pure chance variations of individual 
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performance, the fo l l ow ing nul l hypotheses a re to be tes ted a t 
va r ious p r o b a b i l i t y l e v e l s which a re set f o r t h in Chapter V I : 
1 . There i s no s i g n i f i c a n t d i f f e r e n c e between 
operator net p ick ing ra tes and p ick ing qua l ­
i t y r a tes due to operator d i f f e r e n c e s . 
2 . There i s no s i g n i f i c a n t d i f f e r e n c e in the net 
p ick ing ra tes due to using d i f f e r e n t p ick ing 
methods. 
3 . Operator net p ick ing r a t e s and p ick ing q u a l i t y 
r a tes do not d i f f e r s i g n i f i c a n t l y from one p o s i ­
t i on to another . 
k. Lef t -handed opera tors pick equa l l y as wel l as 
r ight-handed opera tors a t a l l p ick ing p o s i t i o n s . 
5. Opera to rs ' average net p ick ing ra tes bear no 
s i g n i f i c a n t r e l a t i o n s h i p to the ope ra to r s ' 
scores on the se lec ted ap t i tude t e s t s . 
A f a c t o r i a l mixed model experiment i s to be employed 




This chapter c o n s i s t s of a b r i e f d e s c r i p t i o n of the 
experimental sub jec ts and the manner of t h e i r s e l e c t i o n . 
A l s o descr ibed are the experimental apparatus and o b j e c t s 
used fo r the contro l of the f a c t o r s under i n v e s t i g a t i o n . 
S u b j e c t s . - - N i n e whi te male experimental operators were used 
in t h i s i n v e s t i g a t i o n . Their ages ranged from 20 to 23 y e a r s . 
The group conta ined four l e f t -handed and f i v e r ight -handed 
i n d i v i d u a l s . The sub jec ts were not s k i l l e d in manual q u a l ­
i t y p ick ing of small o b j e c t s . These nine persons were s e l ­
ec ted a t random from three s t r a t a (see below Bas i s of S e l e c -
t i on) of a populat ion of kk s tudents studying Motion and 
Time Study under the d i r e c t i o n of Dr. R. N. L e h r e r , Georgia 
I n s t i t u t e of Technology, A t l a n t a , Georgia . This course is 
par t of the requi red cur r icu lum for I n d u s t r i a l Engineer ing 
students and is u s u a l l y taken during the J u n i o r year . 
B a s i s of S e l e c t i o n . T h e method of s e l e c t i n g the operators 
was based on the r e s u l t s of Zimmer's i n v e s t i g a t i o n . - * ^ The 
e n t i r e c l a s s was g iven the Purdue Pegboard Test for manual 
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and f i n g e r d e x t e r i t y . The histogram of t h e i r to ta l raw 
scores on the four pegboard t e s t s is g iven in F igure 13, 
Appendix I . This d i s t r i b u t i o n was d iv ided into three s t r a t a 
as shown on Figure 13, from which the operators were drawn. Since the distribution of scores did not folow a normal patern, the median score of 92.0 was selected as the best measure of central tendency for the group. The modal and mean scores are shown on Figure 13. In addition to the peg-board test the selected subjects had to met the minmum visual requirements for inspection and machine work recommend 
56 ed by the Bausch & Lomb Optical Company. Apparatus.-The apparatus used in this investigation was essentialy the same as that designed and constructed by Calhoun.*̂  He built a special picking table consisting of the folowing components: the frame, the belt.carrier, the hopper and feed control, and the drive. Frame: This component which supports the other parts of the apparatus was constructed of galvanized iron pipe. Belt Carrier: This consisted of side rails, cross supports, platform, puleys and an endless conveyor belt. Mounted at one end of the belt carrier were the hopper and feed control and the drive. Hopper and Fed Control: The hopper was constructed of galvanized iron sheets supported by an angle iron frame­work. The feed control was located on the outside lower edge of the hopper. It consisted of a 12" brush and a movable aluminum gate which could be raised or lowered in order to regulate the relative belt density. Drive: This was located to the rear of the hopper and at the extreme end of the belt carrier. Power was provided 
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by a 1750 r.p.m. 115 v . , 1/2 HP e l e c t r i c motor transmitted 
through var iab le speed hydraul ic d r i ve . 
Some modifications of the hopper and the dr ive were 
found desirable for th is invest igat ion. The flow of objects 
from the hopper was somewhat dependent upon the number of 
objects in the hopper. In other words, when the hopper was 
f u l 1 , the pressure upon the conveyor was greater and more 
objects flowed under the regulating gate than when the hopper 
was nearly empty. This condition was corrected through the 
addit ion of a ba f f l e , Figure 1 , placed hor izontal ly in the 
neck of the hopper. This baf f le was wide enough to support 
most of the objects, yet narrow enough to allow an unobstructed 
flow of material to the be l t . 
Previous experimenters had used a var iab le speed hyd­
rau l i c transmission to dr ive the picking table conveyor. I t 
was observed that due to changes in o i l temperature and con­
veyor drag, the d r i v e was continuously changing speed. This 
condition was remedied through the subst i tut ion of a mechanical 
transmission, Figure 2, consist ing of a ser ies of pul leys and 
V -be l t s . 
Objects.- -Great Northern beans were used as the objects in 
th is invest igat ion. These beans are representat ive of many 
edible products that are hand-quality picked, such as peanuts, 
pecans, and coffee beans. Because of their hardness, shape, 
and resistance to wear and decay, these beans were decided 
upon for th is study. 
F i g u r e 1 . B a f f l e Feed Control for 
the P i c k i n g Apparatus 
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Figure 2 . The Apparatus Dr ive 




This chapter o u t l i n e s the f a c t o r s s tudied and the 
l e v e l s of each v a r i a b l e . The o v e r a l l experimental cond i ­
t i o n s are d i s c u s s e d , together w i th the experimental plan 
and operator time t a b l e . 
V a r i a b l e F a c t o r s . - - T h e f o l l o w i n g v a r i a b l e s were i n v e s t i g a t e d 
a t the ind ica ted l e v e l s : 
1 . Operator - Nine 
2. Method - Three 
Method 1 . The " r o l l " method 
Method 2. The "p ick and throw - m u l t i p l e 
o b j e c t " method 
Method 3- The "pick and throw - s i n g l e 
ob jec t " method 
3. P o s i t i o n - Three 
P o s i t i o n I . Operator at r i g h t s ide of b e l t 
w i t h b e l t moving from the oper­
a t o r ' s l e f t to h i s r i g h t , F i g . 3. 
P o s i t i o n 2 . Operator at l e f t s ide of b e l t 
w i t h b e l t moving from the oper­
a t o r ' s r i g h t to h i s l e f t , F i g . 4. 
P o s i t i o n 3. Operator at end of b e l t w i th b e l t 
moving toward the opera tor , F i g . 5 . 
4. R e p l i c a t i o n - Two 
The complete experiment was run t w i c e . How­
e v e r , each r e p l i c a t i o n i s analysed s e p a r a t e l y 
in order to remove the v a r i a n c e due to the 
o p e r a t o r ' s p r a c t i c e between r e p l i c a t i o n s . 
Constant F a c t o r s . - - T h e f o l l o w i n g f a c t o r s were held constant 
a t the i n d i c a t e d l e v e l : 
F i g u r e k. " L e f t " S ide P i c k i n g 
Pos i t i on 
Figure 5. "End" Pick 
Pos i t i on 
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1. R a t e o f Flow - 8 .3 pounds o f beans per m i n u t e . 
2 . B e l t Speed - 4 3 . 2 f e e t per m i n u t e . T h i s was 
t h e o b s e r v e d speed o f t h e b e l t w h i l e runn ing 
w i t h o u t l o a d . 
3 . B e l t D e n s i t y - 25 per c e n t . 
4 . Damage C o n t e n t - 4 per c e n t . 
5 . I l l u m i n a t i o n - 75 f o o t - c a n d l e s , 
6 . W o r k - S u r f a c e H e i g h t - 41 .5 i n c h e s . T h i s was 
measured from the f l o o r t o the top o f the p i c k -
ou t t r a y . T h i s h e i g h t was below the e lbow o f 
any o p e r a t o r . 
7 . O p e r a t o r P o s t u r e - S t a n d i n g . 
8 . O p e r a t o r Pace - B r i s k ; i . e . , a pace o f p e r ­
fo rmance beyond wh ich f u m b l i n g o c c u r s . 
O v e r a l l C o n d i t i o n s . - - T h e e x p e r i m e n t s were c o n d u c t e d in the 
S c h o o l o f I n d u s t r i a l E n g i n e e r i n g L a b o r a t o r y , G e o r g i a I n s t i t u t e 
o f T e c h n o l o g y . The e x p e r i m e n t a l d a t a was g a t h e r e d ove r the 
p e r i o d J u n e 1s t t o J u n e 9 t h , 1955, and d u r i n g the hou r s b e ­
tween 8:00 a .m . and 4:00 p .m. 
The l a b o r a t o r y , where t h e a p p a r a t u s was l o c a t e d , was 
w e l l v e n t i l a t e d and a d e q u a t e l y l i g h t e d . Tempera tu re and 
h u m i d i t y l e v e l s were c o m f o r t a b l e t h r o u g h o u t the e x p e r i m e n t s . 
In a d d i t i o n t o t h e normal l i g h t i n g w i t h i n the room, a s u p p l e ­
men ta ry l i g h t f i x t u r e was suspended f i v e f e e t above t h e p i c k ­
ing c o n v e y o r , p r o v i d i n g an o v e r a l l i l l u m i n a t i o n o f 75 f o o t -
c a n d l e s a t t he w o r k i n g s u r f a c e . 
E x p e r i m e n t a l PI a n . - - B e c a u s e o f the few o p e r a t o r s used and the 
l i m i t e d t ime a v a i l a b l e , i t was f e l t t h a t more m e a n i n g f u l d a t a 
would r e s u l t from a n o n - r a n d o m i z e d e x p e r i m e n t a l p l a n . O n l y 
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the sub jec ts were se l ec ted a t random. A l l other f a c t o r s in 
the experiment a re e i t h e r v a r i a b l e s a t f i xed l e v e l s or con­
s tan t s . 
The sequence of runs was organized as a L a t i n Square. 
S i n c e there were three methods and three p o s i t i o n s , nine 
method-posi t ion combinat ions were employed. Using these nine 
combinat ions, i t was decided to ba lance opera tors aga ins t 
o r d e r s . From t h i s L a t i n Square des ign , a sequence of runs 
was set up in which a d i f f e r e n t combination was used dur ing 
the nine runs made by each operator dur ing each r e p l i c a t i o n . 
Fur thermore, the combinat ions were arranged in a d i f f e r e n t 
sequence fo r each order . The same process was repeated fo r 
the two r e p l i c a t i o n s . From Table 8, Appendix I , i t can be 
seen that no two runs a re a l i k e w i th respect to t h e i r l oca ­
t i on in the t a b l e . Thus, each method-posi t ion combination 
appeared once and only once in each sequence l oca t i on of the 
n ine runs performed by each opera to r . 
The sub jec ts were not paid for t h e i r p a r t i c i p a t i o n . 
However, they were rewarded w i th some time o f f from t h e i r 
Motion and Time Study labora to ry a t the end of the term. A l l 
the sub jec ts appeared to be amply mot ivated and exh ib i t ed con­
s i d e r a b l e i n t e r e s t in the conduct and outcome of the e x p e r i ­
ments, in add i t i on to the nine sub jec ts s e l e c t e d , n ine a s s i s ­
tan ts were obta ined from the same c l a s s . These i n d i v i d u a l s 
were used in order to keep the sub jec ts from doing any work 
other than a c t i v e l y p ick ing or wa i t i ng between runs. 
29 The conduct of an experiment for one operator is des­cribed below: The operators had previously ben acquainted with the purpose of the investigation. The methods and positions to be used were described and demonstrated. The operator was then shown the nine combinations of methods and positions with which he would pick, and the sequence in which they would be performed. He was then put through a nine minute learning session during which he picked one minute at each combination and in the exact order of the record runs. At the end of this preliminary experiment the subject was encouraged to ask questions on anything which was not clear to him. The record runs were three minutes long. At the word "start" the conveyor was started and the operator began pick­ing. Time was kept using a decimal minute stop watch. At the end of the run the signal "stop" was given; the operator ceased picking and the conveyor was halted. The receptacle containing the pickouts was then removed from the conveyor apron and dumped on the counting table. Before the counting began the hopper was refiled by the helper. The next run was then started in the same manner as described above. While this subsequent run was under way, the assistant proceeded to count and record the number of def­ectives and the number of good objects placed in the pickouts. After being individualy counted the pickouts were thoroughly mixed with the original lot. Any reduction in the total damage 
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content due to t h i s procedure was considered to be n e g l i g i b l e . 
The to ta l e lapsed time between runs v a r i e d from one to 
two minutes. During the time between runs , the operators r e -
ma i ned stand i ng. 
Operator Schedule . - -When the operators could work was l a r g e l y 
determined by t h e i r c l a s s schedules . The only requirement 
imposed was that no operator was a l lowed to perform both r e p l i ­
c a t i o n s on the same day. The schedule of exper imentat ion was 
as fo l1ows: 
F i r s t R e p l i c a t i o n Second R e p l i c a t i on 
Operator Date Hour Date Hour 
1 June 1 1 :00 pm June 2 :00 pm 
June : 1 :00 pm June : :00 
3 June ; :00 pm June 3 :00 pm 
h June 2 11 :00 am June :00 am 
5 June ? 12 :00 pm June :00 pm 
June 2 .00 pm June 6 2 :00 pm 
June :00 pm June :00 am 
June . 1 1 :00 am June 9 :00 am 
June 6 1 1 :00 am June 7 l l :00 am 
Summary.- -Each of the v a r i a b l e s tes ted and those f a c t o r s which 
were standardized for t h i s i n v e s t i g a t i o n has been set f o r t h . 
The o v e r a l l c o n d i t i o n s , experimental p l a n , and the operator 
schedule have been d iscussed at l e n g t h . In s h o r t , t h i s chap­
te r has been an e f f o r t to prov ide complete informat ion regard­
ing the experimental procedure. 
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CHAPTER VI 
ANALYSIS OF RESULTS 
This chapter is divided into four major sec t ions . 
The f i r s t section deals with the methods of ana lys i s and 
the assumptions which underlie the ana lys i s . 
The second and third sect ions are concerned with 
a s t a t i s t i c a l ana lys i s of the net picking rate and the 
picking qua l i ty rate respect ive ly . The f inal section is 
concerned with the re la t ionship between the operators ' per­
formance and cer ta in aptitude c h a r a c t e r i s t i c s . 
It i s desired in th is chapter to provide the reader 
with a c lea r -cu t and easily-understood ana lys i s without sac­
r i f i c i n g necessary technical d e t a i l s . That data which, a l ­
though informative, i s not wholly necessary to the ana lys i s , 
is relegated to the Appendix. 
In discussing each independent va r iab le , the s t a t i s ­
t i c a l ana lys i s is broken down according to the two dependent 
var iables which were measured; i . e . , the net picking rate 
and the picking qua l i ty ra te . The net picking rate primarily 
determines the economy of hand qua l i ty picking of small ob­
j e c t s . However, the picking qua l i ty rate is an important 
consideration in the economy of hand qual i ty picking. The 
ana lys i s of variance was the s t a t i s t i c a l technique u t i l i z e d 
in tes t ing a l l data.58 
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[uot id ian Ef1 c t . - - A n under ly ing assumption For the tes t of 
s i g n i f i c a n c e in the a n a l y s i s of va r i ance i s that the e x p e r i ­
mental e r ro r va r i ance i s from popula t ions whose v a r i a n c e s a re 
homogeneous. 
In order to s a t i s f y t h i s assumption, each r e p l i c a t i o n 
was analyzed s e p a r a t e l y , and no attempt was made to pool the 
data of the two r e p l i c a t i o n s . I t was f e l t from the beginning 
that there was no j u s t i f i c a t i o n in assuming that those f a c t o r s 
which might be s i g n i f i c a n t in the f i r s t r e p l i c a t i o n would neces­
s a r i l y be s i g n i f i c a n t in the second. I t was be l i eved that the 
quo t id ian e f f e c t on the par t of these u n s k i l l e d opera to rs 
would be so g rea t that no conc lus ions should be made be fo re ­
hand regarding the e f f e c t of a f a c t o r between r e p l i c a t i o n s . 
Th is reasoning i s borne out by F igu res 6 and 7 which show the 
average net p ick ing ra te for each r e p l i c a t i o n c l a s s i f i e d accord ­
ing to opera to rs and experimental o rder , r e s p e c t i v e l y . An ana­
l y s i s of these F igu res shows a cons ide rab le inc rease in opera­
tor performance between the f i r s t and second r e p l i c a t i o n . A lso 
the curves show that the l a s t experimental order for each r e ­
pl i c a t i o n was higher than any other order in the repl i c a t i o n 
which i nd i ca tes that a performance inc rease took p lace w i t h i n 
each r e p l i c a t i o n . I t i s ev iden t from these curves that a neces­
sary requirement of any experiment of t h i s type i s tha t no ex­
perimental cond i t ion should appear more than once in the f i n a l 
o rder . Otherwise that cond i t i on which occurred most f r equen t l y 
in the l a s t order would be unduly f avo red . 
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This evidence lends weight to the desirability of a 
non-random pattern for the experimental orders whenever the 
experimenter is unable to have his subjects reach a plateau 
of their individual learning curves before the collection of 
experimental data. 
The independent variables in the experiment were classi­
fied as Model I and Model II variables according to their ef-
59 
feet upon the dependent variables. The Model I variables, 
methods and positions, have fixed levels. The Model II vari­
ables, the operators, were selected at random from three strata 
of a population of operators. (See above p. 1 8 ) . Model II 
or random variables allow inference to be made about the en­
tire population of operators whereas for Model I variables 
inference can be made only to the particular levels studied. 
The model equation for the experiment, analysis of 
variance table, components of variance table, sample calcula­
tions and results of the analysis of variance are given in 
Appendix I I. 
Statistical Analysis of the Net Picking Rate 
Those factors which affect the net picking rate sig­
nificantly are given in Table 1 . The complete table of mean 
squares is given in Appendix II. 
Tests of significance were made at three levels of 
probability, as indicated on the table by asterisks. However, 
only the .01 and .001 levels were considered for accepting or 
rejecting a hypothesis. A complete discussion of testing the 
3 6 
Table 1 . S ign i f i cant Factors af fect ing 
the Net Picking Rate. 
Factor Degrees of 
Freedom 
Mean Square 
Repl ica- Repl ica­
tion 1 tion 2 
Operator 
Method 
"Pick £ Throw" 
v s . " R o l l " 
Posi t ion 
Right v s . Lef t 






i+30 * * * 
460 * * 
53 * 
21 
340 * * * 




Not s ign i f icant 
* Significant at the .05 probabi l i ty level 
* * S ign i f icant at the .01 probabi l i ty level 
* * * S ign i f i cant at the .001 probabi l i ty level 
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mean square of each variable is given in Appendix 11. Table 2 expresses the significant main effects and interactions as a per cent of the grand average for all op­erators of the net picking rate. The grand averages were 82.6 and 3k.k net pickouts per minute for Replications 1 and 2 respectively. These averages were tested for a signi­ficant diference by the Student t-Test utilizing the resi­dual variance of each replication. The diference proved to be statistically significant at the .001 level of proba­bility. The discussion below is in terms of a per cent of the grand average. Both main effects and interactions are dis­cused in the order of decreasing importance. Operator.-Th i s investigation, as have many others utilizing human beings, points out that the diference betwen indivi­duals can have a great effect upon the experimental results, and often contributes the largest amount of variance to the exper iment. In this study, the diference betwen operators was significant in both replications at the .001 probability level. Thus the hypothesis that there is no significant diference betwen operator net picking rates due to operator diference is rejected. Table 2 indicates the relative rank of each op­erator. It also shows a diference of 26.6 and 21.6 per cent of the grand average net picking rate betwen the highest and the lowest operators for Replications 1 and 2 respectively. 
Table 2. S ign i f icant Main E f fec ts and Interact ions 
Expressed as a Per Cent of the Grand Average 
for a l l Operators of the Net Picking Rate 
R e p 1 i c a t i o n 1 
Operator Operator Method Posi t ion 
Score 2 3 1 2 3 
95.72 84.70 98.55 103.93 - - -
2 106.30 99.09 107.69 112.13 _ 
3 107.19 111.19 108.90 83.89 - - -
4 94.55 88.86 100.84 93.98 -
5 102.77 100.56 106.35 101.36 -
; 95.06 91 .29 94.80 99.09 _ 
88.15 88.46 88.20 87.79 - - -
CO
 95.23 90.74 91 .30 85.78 -
114.82 89.56 117.64 118.45 _ 
Average 100.00 93.83 101.59 98.49 -
Grand average of al1 operators: ; Repli cat i on 1 = 82.63 net pickouts per minute 
Indicates factor was not s ign i f icant 
Table 2. S igni f icant Main Ef fec ts and Interactions 
Expressed as a Per Cent of the Grand Average 
for All Operators of the Net Picking Rate 
(cont i nued) 





Posi t ion 
1 2 3 
1 106.68 100.02 107.19 112.84 - - -
: 98.32 94.48 98.84 101.66 -
3 102.65 106.96 103.78 91 .78 _ 
96.56 92.60 100.61 92.96 -
5 103.58 99.08 108.00 103.67 -
6 101.04 90.96 102.49 103.56 - - -
PS. 97.08 98.72 96.96 95.54 - - -
86.05 81 .43 88.13 88.60 -
: 107.67 104.26 112.37 106.37 _ 
Average 100.00 96.50 102.04 99.66 97.88 101.22 100.77 
Grand average of a l l operators: Repl icat ion 2 • 94.39 net pickouts per minute 
- Indicates factor was not s ign i f icant 
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This difference serves to substantiate the earlier 
findings of Calhoun and Zimmer. However, it should be point­
ed out the general level of performance of all operators in­
creased 11.76 per cent between replications; and although 
the highest operator was the same person in both replica­
tions, the lowest operators were different people in Replica­
tions 1 and 2 . This is evidence that the quotidian effect 
between replications could cause erroneous conclusions re­
garding the validity of predictors if the results of both 
replications were pooled and averaged. 
Method.--This variable had considerable effect on the net 
picking rate. The variance attributable to the difference 
in methods was broken down by individual degrees of freedom 
using the system outlined by Cochran and C o x . ^ This break­
down shows that the difference between the "pick and throw" 
methods, and the "roll" method, was significant at the .01 
probability level. Thus the hypothesis that there is no sig­
nificant difference in the operator net picking rate due to 
using different picking methods is rejected. The hypothesis 
is rejected with equal confidence for both replications. 
The "pick and throw" methods resulted in a 6.2 per cent 
and 4.3 per cent higher net picking rate than the "roll" method 
for Replications 1 and 2 respectively. The difference be­
tween the two "pick and throw" methods, which was found not to 
be significant, amounted to 3.1 and 2.4 per cent for Replica­
tions 1 and 2 respectively, 
The reason for the inferiority of the "roll" method 
seems to lie in the indecision of the operator as to retain­
ing a good object in his hand. This reasoning is substan­
tiated by data which shows the "roll" method to have a slight­
ly better picking quality rate. 
Picking Position.--This variable was found to have some ef­
fect on the net picking rate. The sums of squares attribu­
table to the difference in positions was broken down in the 
same manner as discussed above for the difference in methods. 
This breakdown compares the two side positions with the end 
position, and compares the right side with the left side. 
The results show that there was no significant difference 
between positions at the .01 probability level. Thus, there 
was not sufficient evidence to reject the hypothesis that the 
operator net picking rates do not differ significantly from 
one position to another. 
Operator x Method.--Six out of nine operators did better in 
the first replication using the "pick and throw" methods, 
whereas seven out of nine did better in the second replication 
using the "pick and throw" methods. However, the amount of 
improvement varied considerably from one operator to another 
and between replications. This interaction indicates primar­
ily a variation from operator to operator in the difference 
in picking rates for the "pick and throw" methods as opposed 
to the "rol1" method. 
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Statistical Analysis of the Picking Quality Rate 
Those factors which significantly affect the picking 
quality rate are given in Table 3. The complete table of 
mean squares is given in Appendix II. 
Tests of significance were made at three levels of 
probability, as indicated on the Table by asterisks. How­
ever, only the .01 and .001 levels were considered for the 
acceptance or rejection of a hypothesis. A complete discus­
sion of testing the mean squares of each variable is given 
i n Appendix I I. 
Table 4 expresses the significant main effects and 
interactions as a per cent of the grand average for all op­
erators of the picking quality rate. The grand averages 
were 5.4 and 5.0 good objects picked per minute for Replica­
tions 1 and 2 respectively. These averages were tested for 
a significant difference by the Student t-Test utilizing 
the residual variance of each replication. The difference 
was not statistically significant at the .05 level of proba-
bi1i ty. 
The discussion below is in terms of a per cent of the 
grand average. Both main effects and interactions are dis­
cussed in the order of decreasing importance. It might be 
well at this time to re-emphasize that a low picking quality 
rate is better than a high picking quality rate. 
Operators.--The variance between operators proved to be signi 
ficant at the .001 probability level for both replications. 
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Table 3. Significant Factors affecting 
the Picking Quality Rate 
Factor Degrees of 
Freedom 
Mean Square 
Repli ca- Repli ca-
tion 1 tion 2 
Operator 8 
Method 2 
Operator x Position 16 
66.3 ** 136.3 ** 19.5 *  
17.7 *  Res i dual 32 6.5 4.3 
Not significant 
* Significant at the .05 probability level 
** Significant at the .01 probability level 
*** Significant at the .001 probability level 
T a b l e 4 . S i g n i f i c a n t Main E f f e c t s and I n t e r a c t i o n s E x p r e s s e d 
a s a Per Cent o f the Grand A v e r a g e f o r a l l O p e r a t o r s 
o f the P i c k i n g Q u a l i t y R a t e 
R e p l i c a t i o n 1 
O p e r a t o r O p e r a t o r 
S c o r e 
Method 
2 3 1 
Pos i t i on 
2 3 
7 0 . 3 _ - 5 7 . 4 4 9 . 4 103 .0 
31 .5 - 3 9 . 5 2 9 . 0 26 .5 
3 120.3 - 108.6 144 .4 1 11 
4 159.1 - 113.5 174.6 188 . 
149.9 - 158.6 138 .2 151 . 3 
6 103.6 - 8 8 . 9 125 .3 96 . 9 
157.3 - 288.1 107 .4 76 .5 
CO
 42 .6 - 3 0 . 9 5 3 . 7 45 .7 
5 9 . 4 - 4 3 . 2 6 4 . 2 76 
A v e r a g e 100.0 - - - -
Grand a v e r a g e o f a l l o p e r a t o r s : R e p l i c a t i o n 1= 
mi n u t e 
- I n d i c a t e s f a c t o r was no t s i g n i f i c a n t 
5 .4 good obj e c t s p i eked . . . 
Table 4. S i g n i f i c a n t Main E f f e c t s and I n t e r a c t i o n s Expressed 
as a Per Cent of the Grand Average fo r a l 1 Operators 
of the P i c k i n g Q u a l i t y Rate (Continued) 




2 3 1 











Average 100.0 80.5 105.2 113.1 
Grand average of a l l o p e r a t o r s : R e p l i c a t i o n 2 - 5 . 0 good o b j e c t s picked per 
m i nute 
- I n d i c a t e s f a c t o r was not s i g n i f i c a n t 
46 
The hypothesis concerning operator difference as it 
pertains to the picking quality rate is rejected. Table 4 
indicates the relative rank of each operator. It shows a 
difference of 127.6 and 208.0 per cent of the grand average 
picking quality rate between the best and the poorest opera­
tor for Replications 1 and 2 respectively. 
This wide disparity, which also has been found by 
previous experimenters, may be attributed to the individual's 
ability or lack of same to direct his utmost attention, zeal, 
and manual skills to the job at hand. Although most operators 
improved between replications, some of the operators did con­
siderably worse. This was probably due to an attempt to in­
crease their gross picking rate during the second repl ication. 
Method.--The difference between methods was found to be signi­
ficant at the .01 probability level for the second replication 
onl y. 
Thus the hypothesis that there is no significant dif­
ference in the operator picking quality rate due to using 
different picking methods is rejected. There is statistical 
evidence present for rejecting the hypothesis only in the sec­
ond repli cat i on. 
Table 4 shows that, insofar as the picking quality rate 
is concerned, Method 1 (Roll) is superior to either Method 2 
or 3 (Pick and Throw). 
It is obvious that one of the causes for the lower net 
picking rate of Method 1 is the better quality resulting when 
hi 
this method is used. Table h also shows that Method 3, which 
is the "pick and throw (single object)" method, resulted in 
the poorest picking quality rate. 
Picking Position.--There was no significant difference between 
picking positions in either replication. However, Position 1, 
the right-side position, gave a poorer result than did either 
Position 2 or 3. 
Operator and Position.--This interaction proved to be signi­
ficant at the .01 probability level for the first replication 
only. This difference is probably due to the operator's re­
action to changing from one position to another during the ex­
periment. However, this does not explain why the interaction 
did not affect the net picking rate. It is felt the variance 
due to this interaction is the result of unfami 1iarity with 
the operation more than anything else. 
Statistical Analysis of Operator Hand Dominance and Operator 
Aptitude Test Scores. 
This discussion is separate from the preceding analysis 
because it deals with two hypotheses which were of a secondary 
nature to this investigation. The results obtained should be 
of interest to some investigators. 
Operator Hand D o m i n a n c e . - - I t was felt from the beginning of 
this study that it would be interesting to see if an operator's 
picking rate was affected by his being left-handed or right-
handed . 
The hypothesis was made that left-handed operators 
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pick as well as right-handed operators at all picking posi­
tions. The nine experimental subjects were divided nearly 
equally; five were right-handed and four were left-handed. 
In order to test the above hypothesis, the operator net 
picking rates were summed over all three positions for both 
replications for both groups. 
In order to test for a statistical difference between 
the two groups, it was decided to use the Student t-Test at 
the .05 probability l e v e l . 6 1 
Table 5 shows the application of the Student t-Test 
to the experimental data arranged according to the operator's 
dominant hand. There was not sufficient evidence at the .05 
probability level to reject the hypothesis. 
Operator Aptitude Test Scores.--The relationship of an opera­
tor's manual aptitude and his picking performance was brought 
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up by Calhoun and thoroughly investigated by Zimmer. It 
was felt from the start of this investigation that since con­
siderable data of a similar nature was being gathered that an 
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effort should be made to validate Zimmer's conclusions. 
Therefore, the following null hypothesis was set forth: The 
operators' average net picking rates bear no significant re­
lationship to the operators' scores on the selected aptitude 
tests. 
Table 6 and Figure 8 show the operators' average net 
picking rate (for the two "pick and throw" methods summed 
over both replications) as compared with their total raw score 
Table 5 . Student T-Test of the Left -Handed Operators 
Compared w i t h the Right-Handed Operators . 
Left -Handed Operators Right-Handed Operators 
No. P i c k i n g X. Xf No. P i c k i ng X. XT 
Rate 1 Rate 1 
03 91 1 1 01 94 4 16 
06 92 2 4 02 93 3 9 
07 82 -8 6k ok 87 -3 9 
09 101 11 121 05 93 3 9 
08 82 -8 64 
TOTAL 6 190 -1 107 
90 
L X o * 
91 .5 
n R 90 




Table 5 . Student T-Test of the Left -Handed Operators Compared 
w i th the Right-Handed Operators (Continued) 
ZX^ - ( I X L ) ' / n L ) I <IX* - ( I X R ) 2 / n R ) 
( n,_ 4 nR - 2 ) 6 
6 .42 
X L " X R ni X n, 
n L t n R 
Tabular va lue of t 8 2.37 
t i s l e s s than 2.37 and there fore n o n - s i g n i f i c a n t 
• 
* .05 p r o b a b i l i t y leve l and seven degrees of freedom 
5 1 
on the Purdue Pegboard Test. The correlation coefficient 
was calculated using the Spearman Rank Method and was test­
ed against a table of linear correlation coefficients at 
the .05 probability level. 
As seen from Table 6, there is no significant correla­
tion existing between the two variables. Therefore, the 
above hypothesis is accepted. Thus for this group of sub­
jects there was no significant correlation between their 
net picking rates and their aptitude test scores. Some evi­
dence still exists which indicates that aptitude tests may 
predict the more successful operators. This investigation 
does point out that no al1-encompassing conclusions can be 
drawn concerning the validity of job predictors from one or 
two relatively small samples. 
Summary.--A detailed analysis of the experimental results 
was given in this chapter. The observed quotidian effect 
of the experimental subjects was discussed. 
The hypotheses set forth in Chapter III were discuss­
ed and tested for significance. These hypotheses were either 
accepted or rejected and the reasons for the decisions were 
d t scussed. 
By means of statistical and tabular analysis of the 
results an optimum picking method and position were selected. 
Also the effect which each independent variable had upon the 
net picking rate and the picking quality rate was determined 
and discussed. 
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Table 6. Rank Comparison of the Operator's 
Average Net Picking Rate with Their 
Score on the Purdue Pegboard Test 
Oper­ Average Total Rank Rank Differ­ (Differs 
ator Net Raw ence e n c e ) * 
No. Pi cking Score of of 
Rate on 
Test 
Ty Tx y di d i 2 
1 94 93 6 2 4 16 
2 93 101 k 3.5 .5 .25 
3 91 107 1 6 -5 25 4 87 104 3 1 -4 16 
5 93 95 5 3.5 1 .5 2.25 92 86 9 5 k 16 7 82 90 7 9 -2 
82 87 . 0 0 
9 101 105 2 1 1 1 
Total 0 80.5 
Calculation of Correlation Coefficient 





R = .33 
Tabular value of r for 8 degrees of freedom at the .05 proba 
bility level is .632 
R is less than .632; therefore, there is no evidence of a 
significant correlation 
y th 6 th 7th 6 th 5 th 4th 3rd 2nd 1st 
Total Raw Score 
F igu re 8 . Average Net P i c k i n g Rate per Operator 
Versus Tota l Raw Score on the Purdue 
Pegboard Tes ts 
In the next chapter the limitations and conclusions 
of this investigation are summarized. Recommendations are 
made for further investigation of problems which arose duri 
this study, and which go beyond the scope of this thesis. 
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CHAPTER VI I 
CONCLUSIONS AND RECOMMENDATIONS 
The conc lus ions and recommendations d iscussed below 
are based s o l e l y upon the experimental r e s u l t s of t h i s i n ­
v e s t i g a t i o n and are subject to the f o l l o w i n g l i m i t a t i o n s : 
1. The experimental sub jec ts were: 
a . Male c o l l e g e students ra ther than middle-
aged rura l females , who are l a r g e l y em­
ployed in hand q u a l i t y p i c k i n g , 
b. U n s k i l l e d operators w i t h l i m i t e d time 
a v a i l a b l e for t r a i n i n g in hand q u a l i t y 
p i c k i n g , which r e s u l t e d in a s i g n i f i c a n t 
quot id ian e f f e c t . Th is e f f e c t was par­
t i a l l y o f f s e t by ana lyz ing each r e p l i c a ­
t ion s e p a r a t e l y , and by the use of the 
L a t i n Square experimental plan descr ibed 
on page 28, Chapter V. 
c . H ighly mot ivated by the experimental 
nature of the study. 
d. P r o s p e c t i v e I n d u s t r i a l Engineers w i t h 
cons iderab le i n t e r e s t in i n v e s t i g a t i o n s 
of t h i s s o r t . 
2. The Great Northern beans used as experimental ob­
j e c t s in t h i s i n v e s t i g a t i o n are not r e p r e s e n t a t i v e of a l l the 
products which a re sub ject to manual q u a l i t y p i c k i n g . 
3 . Only two r e p l i c a t i o n s were performed. 
4. Only one ra te of f low was t e s t e d . 
5 . Only one dens i ty -speed combination was used. 
6. Only one damage content was used. 
56 
7. The P in to beans, which represented the damaged 
o b j e c t s , a re not i d e n t i c a l in s i ze and shape to Great North­
ern beans. 
8. Only one b e l t width was used. 
C o n c l u s i o n s . - - T h e f o l l o w i n g conc lus ions are made from the 
experimental r e s u l t s w i t h i n the l i m i t a t i o n s d iscussed above: 
1 . The f i r s t o b j e c t i v e of t h i s t h e s i s - to determine 
i f the p ick ing method a f f e c t e d the net p ick ing r a t e and the 
p ick ing q u a l i t y r a t e when other f a c t o r s were a t t h e i r o p t i ­
mum l e v e l s , was accompl ished. 
a. The a n a l y s i s showed that the two "pick 
and throw" methods were super ior to the 
" r o l l " method w i th regard to the net 
p ick ing r a t e . F igure 9 shows that Meth­
od 2 was 4.7 and 5.2 p ickouts per min­
ute be t te r than Method 1 for R e p l i c a t i o n s 
1 and 2 r e s p e c t i v e l y ; w h i l e Method 3 was 
5.4 and 4.6 p ickouts per minute be t te r 
t han Me , hod ". ' /: 2pl i cat i on':: I :md 2 
respect i v e l y . 
b. Insofar as the p ick ing q u a l i t y rate was 
concerned, the " r o l l " method was super­
ior to e i t h e r one of the "pick and throw" 
methods. F igure 10 shows that Method 1 
had about the same p ick ing q u a l i t y r a t e 
for R e p l i c a t i o n 1 , but during R e p l i c a ­
t i o n 2 i t was 1.2 and 1.6 good o b j e c t s 
picked per minute be t te r than Methods 
2 and 3 r e s p e c t i v e l y . Th is improve­
ment in the p ick ing q u a l i t y ra te was 
smal1 i n compar i son to the i ncrease i n 
the net p ick ing r a t e der ived from using 
e i t h e r of the "pick and throw" methods. 
Any i n d u s t r i a l a p p l i c a t i o n of t h i s con­
c l u s i o n should be tempered by the r e l a ­
t i v e cost of the o b j e c t s being p icked . 
c . There was no s i g n i f i c a n t d i f f e r e n c e be­
tween the two "p ick and throw" methods. 
The "pick and throw ( m u l t i p l e o b j e c t ) " 








P i c k i n g M e t h u d 
F i g u r e 9- A v e r a g e N e t P i c k i n g R a t e 
V e r s u s P i c k i n g M e t h o d 
M * 
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F i g u r e 1 0. Average P i c k i n g )ual i t y Pxate 
Versus P i c k i n g Method 
S3 
method was s l i g h t l y super ior in over ­
a l l performance to the "p ick and throw 
( s i n g l e o b j e c t ) " method. 
2 . The second o b j e c t i v e , to determine i f the p ick ing 
p o s i t i o n a f f e c t e d the net p ick ing r a t e and the p ick ing q u a l ­
i t y r a t e when other f a c t o r s were a t optimum l e v e l s , was a c ­
compl ished. The a n a l y s i s of the experimental r e s u l t s show 
(a l though not c o n c l u s i v e l y ) that the p ick ing p o s i t i o n s have 
ve ry l i t t l e e f f e c t upon e i t h e r the production or q u a l i t y in 
manual q u a l i t y p i c k i n g . (See F igures 11 and 12) . This con­
c l u s i o n a l s o a p p l i e s to a change in the d i r e c t i o n of p ick ing 
b e l t t r a v e l , which is the same as changing from one s ide of 
a b e l t to the other s i d e . 
3. The t h i r d o b j e c t i v e was to determine i f there was 
any r e l a t i o n s h i p between an o p e r a t o r ' s performance and h i s 
dominant hand. I t was found that l e f t -handed operators picked 
as we l l a t a l l p o s i t i o n s as r ight -handed o p e r a t o r s . 
k. The f i n a l o b j e c t i v e was to v a l i d a t e the use of 
c e r t a i n a p t i t u d e t e s t s to p r e d i c t job success in manual q u a l ­
i t y p i c k i n g . The c o r r e l a t i o n c o e f f i c i e n t which was c a l c u l a t e d 
was not s i g n i f i c a n t a t the ,05 p r o b a b i l i t y l e v e l . There fore , 
i t was concluded that the Purdue Pegboard Test scores were 
not a v a l i d p r e d i c t o r of an o p e r a t o r ' s net p ick ing ra te fo r 
t h i s p a r t i c u l a r group of experimental s u b j e c t s . 
The r a t e of f l o w , dens i ty -speed combinat ion, and the 
damage content used in t h i s i n v e s t i g a t i o n y i e l d e d product ion 
and q u a l i t y r e s u l t s which were equal to or grea ter than that 
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P i c k i n g Pos i t i on 
^3 
F i gure 11 Average Net Picking Rate 
Versus Picking Position 
PI P2 P3 
P i c k i n g P o s i t i o n 
F igure 12. Average P i c k i n g j u a l i t y Rate 
Versus P i c k i n g P o s i t i o n 
-r 
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obta ined by experienced workers employed in the manual 
q u a l i t y p ick ing indus t ry . 
Recommenda t i on s . - - In view of the l i m i t a t i o n s , r e s u l t s , and 
conc lus ions of t h i s study, i t i s recommended that any f u r ­
ther study of hand q u a l i t y p ick ing be d i r e c t e d toward: 
1 . A more thorough a n a l y s i s of the a p t i t u d e c h a r a c t e r ­
i s t i c s of hand q u a l i t y p ick ing w i th a view towards develop­
ing another a p t i t u d e t e s t b a t t e r y which w i l l be v a l i d for 
p r e d i c t i n g success in the hand q u a l i t y p ick ing o p e r a t i o n . 
2. The refinement of the two "pick and throw" methods 
used in t h i s i n v e s t i g a t i o n in order to determine whether or 
not one method is super ior to the other method. 
3 . The use of a non-random pat te rn of experiments 
un less the i n v e s t i g a t o r i s ab le to have h i s sub jec ts reach 
a p la teau in t h e i r l ea rn ing c u r v e s . 
k. The f u r t h e r i n v e s t i g a t i o n of the e f f e c t of i l l u m ­
i n a t i o n on the b e l t and the co lo r c o n t r a s t of the o b j e c t s 
w i t h the b e l t c o l o r . 
5 . The use of o b j e c t s other than Great Northern beans. 
6. The e f f e c t of b e l t w i d t h . 
7. The use of a l a r g e r and more r e p r e s e n t a t i v e sample 
of the people who do manual q u a l i t y p ick ing in indus t ry . 
Comments. - - I t i s f e l t that t h i s i n v e s t i g a t i o n together w i th 
those preceding i t has brought to l i g h t informat ion of va lue 
to indus t ry . The p lant manager who d e s i r e s to use these r e ­
s u l t s , w i th a f u l l understanding of the r e l a t i v e importance 
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of product ion versus q u a l i t y , could set up h i s hand q u a l i t y 
p i c k i n g opera t ion as f o l l o w s : 
1 . Have a l l the operators p ick from the s ide of the 
bel t . 
2. Require that a l l operators use one of the "pick 
and throw" methods. 
3. P rov ide a minimum of 80 f o o t - c a n d l e s of i l l u m ­
i n a t i o n . 
4. Use a dens i ty -speed combination of approximately 
25 per cent dens i ty a t 43 f e e t per minute. 
I t i s f e l t that the above operat ing c o n d i t i o n s would 
produce the optimum r e s u l t s in any opera t ion i n v o l v i n g the 






Table 7- Raw Scores on Battery of Tests 
P u r d u e P e g b o a r d Moore Bausch & 
Eye-Hand Lornb. V i s . 
Opera- Average Average Right Left Both R.& L. Assem- Total Coord. & Class. & 
tor Net Picking Hand Hand Hands & B.H. bly Score Color- Placement 
Picking Quali ty Test Test Test Test Test Match Test Test 
Rate Rate 
1 94 3.7 18 17 .3 48 45 93 50 OK 
2. 93 1 .4 19 18 16 53 48 101 55 OK 
3 91 8.2 20 19 16 55 52 107 35 OK 
k 87 10.0 20 20 15 55 49 104 60 OK 5 93 8.1 19 16 14 k9 46 95 70 OK 8 92 4.7 15 15 13 43 43 86 15 OK * 
7 82 k.9 ~.S 17 \k 46 44 90 55 OK * * 8 82 1 .9 16 17 12 45 42 87 15 OK 
S 101 3.8 20 20 16 56 49 105 55 OK 
* Defect ive visual acui ty in right eye only 
* * Defect ive depth perception 
M o d a l S c o r e 
Mean S c o r e 





70 73 71 79 o2 o5 88 91 94 97 
T o t a l Raw S c o r e 
00 03 106 109 112 115 
F i g u r e 13 H i s t o g r a m o f T o t a l Raw S c o r e s o f 44 M a l e S u b j e c t s 
o n t h e P u r d u e P e g b o a r d T e s t s ( R i g h t p l u s L e f t 
p l u s B o t h H a n d s p l u s A s s e m b l y T e s t s ) 
cr-. 
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Legend to Tables 8 through 15 
Operator 1 0 1 
Operator 2 0 2 
Operator 3 ° 3 
Operator k O k 
Operator 5 0 5 
Operator 6 0 6 
Operator 7 0 7 
Operator 8 0 8 
Operator 9 0 9 
" R o l 1 " Method M l 
" P i c k and Throw ( M u l t i p l e O b j e c t ) " Method M 2 
" P i c k and Throw ( S i n g l e O b j e c t ) " Method M 3 
Right S i d e Posi t i on P i 
L e f t S ide Posi t ion P 2 
End P o s i t i o n P 3 
Repl i c a t i o n 1 R 1 
R e p l i c a t i on 2 . . 
Table 8. Arrangement of Experimental Condi t ions 
SEQUENCE OF TEST RUNS 
1 2 3 4 5 6 7 8 9 
01 Ml PI M2P1 M3P1 M2P2 
02 M2P2 M3P2 M1P2 M3P3 
03 M3P3 M1P3 M2P3 Ml PI 
04 M2P1 M3P1 Ml PI M3P2 
05 M3P2 Ml P2 M2P2 Ml P3 
06 Ml P3 M2P3 M3P3 M2P1 
07 M3P1 Ml PI M2P1 Ml P2 
08 M1P2 M2P2 M3P3 M2P3 
09 M2P3 M3P3 M1P3 M3P1 
01 M2P3 M3P3 Ml P3 M3P1 
02 Ml P2 M2P2 M3P2 M2P3 
03 M3P1 Ml PI M2P1 Ml P2 
04 Ml P3 M2P3 M3P3 M2P1 
05 M2P1 M3P1 Ml PI M3P2 
06 M3P2 Ml P2 M2P2 M1P3 
07 M3P3 Ml P3 M2P3 Ml PI 
08 Ml PI M2P1 M3P1 M2P2 
09 M2P2 M3P2 Ml P2 M3P3 
M3P2 Ml P2 M3P3 Ml P3 M2P3 
Ml P3 M2P3 Ml PI M2PI M3P1 
M2P1 M3P1 M2P2 M3P2 Ml P2 
Ml P2 M2P2 Ml P3 M2P3 M3P3 
M2P3 M3P3 M2P1 M3P1 Ml PI 
M3P1 Ml PI M3P2 Ml P3 M2P2 
M2P2 M3P2 M2P3 M3P3 Ml P3 
M3P3 Ml P3 M3P1 Ml Pi M2P1 
Ml PI M2P1 Ml P2 M2P2 M3P2 
Ml PI M2P1 M1P2 M2P2 M3P2 
M3P3 Ml P3 M3P1 Ml PI M2P1 
M2P2 M3P2 M2P3 M3P3 Ml P3 
M3P1 Ml PI M3P2 Ml P2 M2P2 
Ml P2 M2P2 M1P3 M2P3 M3P3 
M2P3 M3P3 M2P1 M3P1 Ml PI 
M2P1 M3P1 M2P2 M.3P2 Ml P2 
M3P2 Ml P2 M3P3 Ml P3 M2P3 
Ml P3 M2P3 Ml PI M2P1 M3P1 
Table 9. Observed Number of D e f e c t i v e Objects Picked Per 
Minute Based upon a Three Minute Test Run. 
PI P2 P3 
Ml M2 M3 Ml M2 M3 Ml M2 M3 
01 71.33 76.00 93.67 72.67 80.67 84.67 66.00 87.67 79.33 
02 84.33 86.00 93.00 80.67 93.67 91-67 80.67 87.33 93-33 
03 92.00 89.00 86.67 89.67 87.67 92.67 94.00 93.33 72.33 
04 71.67 79.67 76.67 77.33 84.67 77.33 71.33 85.67 79.00 
Rl 05 79.33 88.33 89.00 83.00 86.67 80.33 87.00 88.67 82.00 
06 73.67 75.67 84.33 77.00 85.00 81 .67 75.67 74.33 79.67 
07 70.00 76.00 68.33 73.67 71.33 73.33 75.67 71.33 76.00 
08 76.33 74.67 88.33 72.33 79.00 85.00 76.33 72.67 84.00 
09 89.67 103.00 99.67 85.33 96.67 100.67 93-67 92.00 33-33 
R2 
Average 78.60 83.06 86.54 78 .96 84 .95 85.17 79.96 83 .58 82 .03 
01 83.67 98.00 100.00 102 .00 114 .00 118.33 97.67 91 -67 101 .33 
02 90.67 91 .33 93.67 87 .67 92 .67 98.67 89.33 96 .00 95 .67 
03 103.67 94.67 83-33 97 -33 95 .33 93.00 102.00 104 .00 99 .00 
04 77.00 95.67 92.67 90 .33 96 .00 91 .33 95.00 93 -33 89 .33 
05 94.67 100.67 95.00 88 .00 105 .00 98.33 98.00 100 .33 100 .33 
06 86.33 95.33 102.00 88 .33 92 .67 103.00 83.00 102 .33 105 .67 
07 94.00 90.67 91.00 91 -67 89 .33 89.67 94.00 94.67 90 .00 
08 79.00 81 .00 81 .33 73 .00 85 .00 85.67 78.67 83 .67 84 .00 
09 94.00 99.67 106.67 102 .67 113 .33 98.33 98.67 105 .33 96 -33 
Average 89.13 94.02 93.87 91 .13 98 .05 97.27 92.83 96 .72 95 .64 
Table 10. Observed Number of Good Objects Picked per Minute 
Based upon a Three Minute Test Run 
Ml 
PI 
M2 M3 Ml 
P2 
M2 M3 Ml 
P3 
M2 M3 
01 2.3 1 .3 5.7 0.7 5.3 2.0 5.0 3.7 8.0 
02 I .7 1 .7 3.0 0.3 2.7 1 .7 0.3 2.0 2.0 
03 5.3 7.0 5.3 9.7 9.0 4.7 3.3 10.0 4.7 
04 10.0 3.7 4.7 10.7 11 .3 6.3 12.0 8.3 10.3 
05 9.0 5.7 11 .0 5.7 7.7 9.0 7.3 8.0 9.3 
06 5.7 5.7 3.0 6.0 7.0 7.3 5.7 7.0 3.0 
07 15.0 5.7 26.0 5.7 4.7 7.0 5.0 3.7 3.7 
08 2.0 2.0 1 .0 2.0 5.0 1 .7 2.7 2.7 2.0 
09 1 .0 3.7 2.3 2.0 4.7 3.7 4.0 5.7 2.7 
Average 5.77 4.05 6.82 4.75 6.37 4.82 5.84 5.67 5.07 
01 1 .0 3.7 2.3 3.0 2.0 4.3 2.3 7.0 6.0 
02 0.7 2.3 2.0 0.3 0.0 1 .0 0.7 1 .3 0.7 
03 8.7 H .7 8.3 5.3 13.0 9.7 13.0 13.0 6.3 
0k 11 .0 13.3 11 .3 14.3 7.7 16.3 8.0 8.0 13.0 
. 05 6.7 7.7 8.0 4.3 5.7 9.7 6.3 1 1 .3 13.7 
06 3.0 6.7 4.0 1 .3 3.7 3.7 2.0 4.3 5.0 
07 1 .0 1 .7 2.0 1 .3 1 .0 2.3 0.3 0.3 1 .0 
08 1 .0 1 .3 2.0 1 .7 0.3 1 .3 1 .0 3.7 1 .3 
09 3.7 3.0 8.7 3.0 4.0 2.7 3.7 4.3 6.0 
Average 4.08 5.70 5.39 3.82 4.15 5.66 4.14 5.91 5.87 
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ANALYSIS OF VARIANCE 
In Table 1 1 , the v a r i a b l e f a c t o r s , the number of 
l e v e l s , the Model number of the f a c t o r s , and the super­
s c r i p t s and s u b s c r i p t s designate the s p e c i f i c (or genera l ) 
l e v e l of each f a c t o r in the a n a l y s i s . Using the nota t ion 
of S c h e f f e , the f o l l o w i n g equat ion was designed to express 
65 
the mathematical model of the experiment: 
M , P MP 0 OM OP X . . , - U + cr + qf. + of.. + a. + a . . 4 a . . + E . . . i j k ~ ^ k k i i j i k i j k 
Accordi ng to the superscr i pts of the model equat ion 
which show the p o s s i b l e main e f f e c t s and i n t e r a c t i o n s , Table 
12 was c o n s t r u c t e d . 
In Table 12 are given the equat ions from which the 
sums of squares were c a l c u l a t e d . The actua l sums of squares 
a r e shown in Tables 13, 14, and 15. The mean squares were 
found by d i v i d i n g each sums of squares by t h e i r degrees of 
freedom. The expected mean squares were der ived in order 
to determine which r a t i o s of mean squares were s u i t a b l e for 
t e s t i n g the v a r i o u s nul l hypotheses w i th the F i s h e r F d i s -
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t r i b u t i o n . For i n s t a n c e , the M x P i n t e r a c t i o n was t e s t ­
ed aga ins t the R e s i d u a l , whereas the M main e f f e c t was t e s t ­
ed aga ins t the 0 x M i n t e r a c t i o n . 
The P main e f f e c t was tes ted aga ins t the pooled mean 
square of the Residual and the 0 x P i n t e r a c t i o n . This 
lh 
pooled mean square was obtained by d i v i d i n g t h e i r t o t a l sums 
of squares by the sum of t h e i r degrees of freedom. The 0 main 
e f f e c t and the two remaining i n t e r a c t i o n s were tes ted aga inst 
the Res i d u a l . 
The r a t i o s were compared wi th va lues taken from one-
ta i1 t a b l e s of F d i s t r i b u t i o n s according to t h e i r appropr ia te 
degrees of freedom. The r a t i o s were r e j e c t e d when t h e i r 
magnitudes were greater than the tabu lar v a l u e s a t the i n ­
d i c a t e d p r o b a b i l i t y l e v e l s . R e j e c t i o n of the r a t i o s meant 
that the f a c t o r was s i g n i f i c a n t a t that l e v e l of p r o b a b i l i t y . 
Table 11 . A n a l y s i s of Var iance 
Fac tor Super-
s c r i pt 
Sub-
scr i pt 
Model Symbol No. of 
L e v e l s 





qfj 3 Pos i t i on P 
<*k 
3 
Operator x Method 0 x M 1 1 
OM 27 
Operator x P o s i t i o n 0 x P i OP a i k 27 
Method x Posi t ion M x P MP 9 
Res i dual R i j k ' 1 ( i j k Bl 
Table 12. Components of V a r i a n c e , Par t I 
Factor Degrees of 
Freedom 
Components of Sums of Squares 
0 00 £ i S 2 i . . / J K - S 2 . . . / I J K 
M 2 I j S 2 . j . / I K - S 2 . . . / U K 
P 2 I k S 2 . . k / l J - S 2 . . . / I J K 
0 x M 16 Z i j S 2 i j . / K - S . S 1. . / J K - Z j S 2 . j . / I K 4 S 2 . . . / U K 
0 x P 16 £ i k S 2 i . k / J - £ i S 2 i . . / J K - ->kS 2. . k / U 4 S 2 . . . / U K 
M x P k I j k S 2 . j k / l - £ j S 2 . j . / I K - I k S 2 . . k / l J 4 S 2 . . . / U K 
Res i dual 32 I i j k X 2 i j k - Z i j S 2 i j , / K - I i k S 2 i . k / J - Z j k S 2 . j k / l 
£ i S 2 i . . / J K 4 £ j S 2 . j . / I K 4 2 k S 2 . . k / U - S 2 . . . / U K 
Total 80 £ i j k X 2 i j k - S 2 . . . / I J K 




Sums Degrees Mean 
of of Squares 
Squares Freedom 
F-Test Remarks 
0 S2Q 4 M P ^ 
M <$o.* P^0M * P * M 
0 x M ^1 4 P^)2 OM 































M24M3 V s . Ml 
M2 V s . M3 
P14P2 V s . P3 
PI V s . P2 
* S i g n i f i c a n t a t the .05 P r o b a b i l i t y Level 
* * S i g n i f i c a n t a t the .01 P r o b a b i l i t y Level 
* * * S i g n i f i c a n t a t the .001 P r o b a b i l i t y Level 
Table 13. Components of V a r i a n c e , P a r t I I , R e p l i c a t i o n 1 (Continued) 
Fac tor Expected 
Mean 
Squares 
Sums Degrees Mean 
of of Squares 
Squares Freedom 
F-Test Remarks 








Ml 4 M2 4 M3 
- 2.3 Vs 
Pi 4 P2 4 P3 
M2 4 M3 
= 1 . 7 Vs 
PI 4 P2 4 P3 
Ml 4 M2 4 M3 
Vs 
PI 4 P2 
25 25 25 
21 .6 
= 1 .2 
M2 4 M3 
Vs 
PI 4 P2 
Res i dual 692 32 21 .6 
Total 5,708 80 1,081.5 
* S i g n i f i c a n t a t the .05 p r o b a b i l i t y l eve l 
* * S i g n i f i c a n t a t the .01 p r o b a b i l i t y l e v e l 
* * * S i g n i f i c a n t a t the .001 p r o b a b i l i t y l e v e l 
Table 14. Components of V a r i a n c e , Par t I I - R e p l i c a t i o n 2 
Fac to r Expected 
Mean 
Squares 
Sums Degrees Mean F-Test 
of o t Squares 
Squares Freedom 
Remarks 
o sl + MPcV; 
M 
0 * M ^ o 4
 P<4 






















7.8 M2+M3 Vs Ml 




PI + P2 Vs P3 
PI Vs P2 
585 16 36.6 36^6 = , e 
22.3 
* S i g n i f i c a n t a t the .05 p r o b a b i l i t y l eve l 
* * S i g n i f i c a n t a t the .01 p r o b a b i l i t y l eve l 
S i g n i f i c a n t a t the .001 p r o b a b i l i t y l eve l 
Table 14. Components of V a r i a n c e , Par t I I - R e p l i c a t i o n 2 (Continued) 
F a c t o r Expected 
Mean 
Squares 
Sums Degrees Mean F-Test 
of of Squares 
Squares Freedom 
Remarks 












Ml 4 M2 4 M3 
= 1 Vs 
PI i P 2 4 P3 
M2 4 M3 
= 0 0 Vs 
P 4 P2 4 P3 
Ml 4 M2 4 M3 
= 0 .4 Vs 
PI 4 P2 
M2 4 M3 
= 0 .0 Vs 
PI 4 P2 
Res i dual 6l 712 32 22.3 
Total 5,488 80 1,054.6 
* S i g n i f i c a n t a t the .05 p r o b a b i l i t y l eve l 
* * S i g n i f i c a n t a t the .01 p r o b a b i l i t y l eve l 
* * * S i g n i f i c a n t a t the .001 p r o b a b i l i t y l e v e l 
Table 15, Components of Variance - Picking Quali ty Rate 
Repl icat ion 1 Repl icat ion 


















..: + MP 2 8 530 66.3 1 0 .2* * * 1 ,091 136.3 31.7*** 
M 
2 
o T ;'• OM 
2 2 1 .1 39 19.5 
P ' f M OP 
2 1 .5 .1 2.5 .6 
0 x M : ' . + P 2 
OM 
16 174 10.9 1 .7 53 3.3 .8 





16 283 17.7 2.7** 55 3.4 .8 




51 12.8 2.0 12 3.0 .7 
Residual 2 
0 
32 209 6.5 138 4.3 
* S ign i f i cant at the .05 probabi l i ty level 
* * S ign i f i cant at the .01 probabi l i ty level 
* * * S ign i f i cant at the .001 probabi l i ty level 
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Economy Study of the E f f e c t of Good Objects in 
The Total P ickouts upon the Costs of 
Manual Q u a l i t y P i c k i n g 
A n a l y s i s of Mater ia l Cost 
Va lue of e d i b l e peanuts 
Value of d e f e c t i v e peanuts 
used for o i l processing 
Loss in va lue of good pea­
nuts placed in the pickouts 
Average race of good o b j e c t s 
placed in the p ickouts 
Average number of kerne ls 
per pound of Spanish peanuts 
Assumed working time per day 
Loss in va lue due to good 
peanuts in the t o t a l p ick ­
outs per day per operator 
$ .20 per pound 
.11 per pound 
.09 per pound 





This cost i s r e l a t i v e l y unimportant. However, i f the 
e d i b l e product va lue was to increase s u b s t a n t i a l l y or i f the by­
product va lue was to decrease c o n s i d e r a b l y ; then the above loss 
might be s i g n i f i c a n t . This i s the case when pecans or walnuts 
a re h a n d - q u a l i t y picked instead of peanuts. 
There is another and more important cost a r i s i n g from 
the operator p ick ing a good ob jec t instead of a d e f e c t i v e one. 
That i s the cost of the labor which i s wasted when these e r r o r s 
occur . 
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A n a l y s i s of Labor Cost 
Minimum wages per hour' 
Minimum working hours per day 
Average to ta l pi ckouts per 
mi nute 
Time to p ick one peanut 
Cost of p ick ing one peanut 
Average ra te of good o b j e c t s 
p laced in the p ickouts 
Cost of pi cki ng good obj e c t s 
per day per operator 
Total cost per day per oper­
a tor due to p l a c i n g good 
peanuts in the p ickouts 
* Based on data from t h i s i n v e s t i g a t i o n 
$1.00 per hour 
8 hours 
93.7 ke rne ls 
.011 mi nute 
$ .00019 









Doe, John J . 
01 
2:10 - 3:00 
Elbow Height (from f l o o r ) 46 i n . 
R4§ht or Left -Handed 
Date: June 1 , 1956 
R e p l i c a t i o n No: 1 
Foot Candles 





No. t i o n 
Total 
P i c k ­
outs 
Total 
E r r o r s 
Net 




ou t s / 
mi n. 





o u t s / 
mi n. 
M2P2 221 20 201 73.67 6.67 67.00 
2 M3P2 243 27 216 81 .00 9.00 72.00 
3 Ml P2 177 13 164 59.00 4.33 54.67 
Sub-Tota l 641 60 581 
4 M3P3 218 32 186 72.67 10.67 62.00 
5 M1P3 155 7 148 51 .67 2.33 49.34 
6 M2P3 221 35 186 73.67 11 .67 62.00 
Sub-Total 594 74 520 
7 Ml PI 188 10 178 62.67 3.33 59.34 
8 M2P1 208 15 193 69.33 5.00 64.33 
9 M3P1 239 18 221 79.67 6.00 73.67 
Sub-Total 635 43 592 
Total 1870 177 1693 
Average 207.78 19.67 188.11 69.26 6.55 62.70 
Experimental Condit ions 
Methods Posi t ions 
Ml - " R o l l " method Pi - R ight S ide 
M2 - " P i c k and Throw ( M u l t i p l e ) " method P2 - L e f t S i d e 
M3 - " P i c k and Throw ( S i n g l e ) " method P3 - End 
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